Serum amylase and lipase measurements are often used to diagnose acute pancreatitis. This study addresses the question of whether it is advantageous to order serum amylase and lipase tests simultaneously. We evaluated performance of the two tests separately and in combination through a retrospective study of patients for whom both amylase and lipase determinations were ordered. Initial analysis of test performance was conducted with a uniformly applied criterion based on determination of optimal sensitivity-specificity pairs. lndMdual tests and combinations of tests, including the "AND" and "OR" rules and discriminantfunctions, were examined. Only the discriminant approach demonstrated better performance than the lipase test alone. This finding was subsequently confirmed by logistic regression analysis. We conclude that ordering both tests simultaneously can be advantageous in diagnosing acute pancreatitis when a bivariate approach is used; however, this must be weighed against the difficulties associated with clinical implementation of such approaches. We compared individual tests and combinations of tests, including the "AND" and "OR" rules, and linear and quadratic discriminant functions, by using the best value of the simultaneously optimized sensitivity-specificity pair to identi1r the most accurate test combinations.
Serum amylase and lipase measurements are often used to diagnose acute pancreatitis. This study addresses the question of whether it is advantageous to order serum amylase and lipase tests simultaneously. We evaluated performance of the two tests separately and in combination through a retrospective study of patients for whom both amylase and lipase determinations were ordered. Initial analysis of test performance was conducted with a uniformly applied criterion based on determination of optimal sensitivity-specificity pairs. lndMdual tests and combinations of tests, including the "AND" and "OR" rules and discriminantfunctions, were examined. Only the discriminant approach demonstrated better performance than the lipase test alone. This finding was subsequently confirmed by logistic regression analysis. We conclude that ordering both tests simultaneously can be advantageous in diagnosing acute pancreatitis when a bivariate approach is used; however, this must be weighed against the difficulties associated with clinical implementation of such approaches. We compared individual tests and combinations of tests, including the "AND" and "OR" rules, and linear and quadratic discriminant functions, by using the best value of the simultaneously optimized sensitivity-specificity pair to identi1r the most accurate test combinations.
Results were confirmed with logistic regression analysis.
Materials and Methods Study Design and Subjects
We performed a retrospective study by retrieval of initial serum amylase and lipase results from the laboratory information system for all patients who had a serum amylase and (or) lipase determination performed over a period of 1 year. Inpatients and our emergency department patients were included. 
Data Analysis
In the first phase of the analysis, we used optimal sensitivity-specificity pairs to evaluate test performance; thus, a uniformly applicable criterion could be used for each of the rules, including the "AND" and "OR" rules. [The "AND" and "OR" rules cannot be treated with more traditional approaches such as receiver-operating characteristic (ROC) analysis.] Optimal sensitivity-specificity pairs were defined as those that resulted in the closest approach to the point characterizing an ideal test (sensitivity = 1, specificity = 1). We determined optimal sensitivity-specificity pairs for the assessment of acute pancreatitis for amylase alone (urnvariate case); lipase alone (umvariate case); amylase and lipase with the "AND" rule, using the individually optimized amylase and lipase cutoffs (univariate cases); amylase and lipase with the "OR" rule, using the individually optimized amylase and lipase cutoffs (univariate cases); amylase and lipase with the "AND" rule, using simultaneously optimized amylase and lipase cutoffs (bivariate case); amylase and lipase with the "OR" rule, using simultaneously optimized amylase and lipase cutoffs (bivariate case); linear discriminant function; and quadratic discriminant function. The optiinized sensitivity-specificity pairs and corresponding cutoffs for all approaches except the discriminant functions were determined by computerized axiniination of the distance of each sensitivity-specificity pair to the point characterizing an ideal test for all possible cutoffs (i.e., between all adjacent data points). The cutoffs were determined by minimizing the square root of [(1 -sensitivity)2 + (1 -specificity)2] (11). The determination of optimal discriminant functions is a discrete optimization problem and was addressed by using graphical methods to eliminate all but a relatively small number of possibilities, which were then examined exhaustively by computer with the closest-approach criterion. This nonparametric approach was used to maintain the closest-approach criterion, which would not be the case for parametric techniques (e.g., logistic regression or classical discriminant analysis). An interesting feature of the nonparametric approach is that the actual cutoffs and discriminant functions, but probably not the estimated sensitivity and specificity, are sensitive to data points in the center of the plot.
In the second phase of the analysis, we used logistic regression analysis to confirm the initial results and to assess more directly the effects of sampling variation. This contrasts with the closest-approach procedure, in which this appraisal is more difficult. The database was used only to derive the optimized parameters for each of the rules so that the performance of the rules could be compared.
The actual clinical implementation of any rule would require further validation with an independent data set. Tests for statistical significance of differences between sensitivities and specificities were performed as described by Galen and
Gambino

(12).
Positive predictive values were calculated assuming the observed prevalence of acute pancreatitis in the final database (12.5%). Figure 2 ifiustrates scatter plots of the log10-transformed lipase vs amylase concentrations, optimal cutoffs, and regions indicative of acute pancreatitis as defined by various combination rules by using the closestapproach criterion.
Results and Discussion
The optimal cutoffs, true positives,
false negatives, true negatives, false positives, optimal sensitivity-specificity pair, and distance of the optimal sensitivity-specificity pair from that of an ideal test (1, 1) are given in Table 1 . Although lipase alone is most frequently cited (5-7) as the best test for the assessment of acute pancreatitis, Table 1 shows distances less than that for lipase alone (0.0420)-and more closely appreaching an ideal test-for the "OR" rule with simultaneously optimized cutoffs (0.0373), the linear discriminant rule (0.0305), and the quadratic discriminant rule (0.0221).
Statistical tests of significant differences among the three rules were conducted separately for the optimal sensitivity and specificity and were compared with lipase alone. Significant differences were found The closest-approach criterion is one of several standard criteria for evaluating test performance based on a specific cutoff (11). It attributes equal weight to both sensitivity and specificity. By itself this criterion does not account for any clinical impact or costs to the health care system associated with misdassifications of patients (false-positive and false-negative rates). However, it remains an excellent criterion for the assessment of the discriminatory ability of clinical tests. An alternative, well-accepted parameter for comparing performance of clinical tests is the area under the ROC curve (13); however, there are problems related to overlap of curves and decreased specific clinical relevance (13, 14) caused by not defining an operating point on the curve that is optimal for a given clinical situation.
In any case, area under the ROC curve was not used for the evaluation of test performance in the first phase of this study because it could not be applied uniformly to all test combinations. ROC analysis of the "AND" and "OR" rules results in collections of points on the plot instead of a single curve. it is important to be able to evaluate the "AND" and "OR" rules because they can be clinically implemented relatively easily. it is also important to be able to compare these results to earlier studies. Figure 3 . The logistic regression results clearly indicate that the addition of amylase is significant and is consistent with the finding that the curve corresponding to the discriminant function demonstrates equal or better characteristics than that of lipase alone. On the other hand, it is obvious that the curves are close to each other. Thus, the addition of amylase may result in only marginally better clinical performance, as suggested by the nearly identical areas under the curves.
Results of previous studies of whether ordering amylase and lipase tests together is advantageous have been mixed. Our finding that ordering both tests simultaneously may be warranted is in contrast with those of several previous reports (5) (6) (7) . This may be due to a number of factors. In the report of Werner et al. (5), the only test combinations exzmined were the "AND" and "OR" rules with individually optimized cutoffs. Our results confirm that such an approach does not significantly improve performance.
In the report of Van Lente and Kazmierczak (6) , no information about how the tests were combined is given. In the report of Viel et al.
(7), logistic regression was used to combine the tests; however, amylase determination was explicitly involved in the assessment of acute pancreatitis. Recommendations for ordering both tests together in previous work (2, 8, 9) were based on general surveys and reviews of the issue (8, 9) and on actual results from the application of the "AND" and "OR" rules, using the optimal univariate cutoffs when combining tests (2). Our results confirm that the test combinations used in most previous studies offer no advantages over using lipase results alone. However, use of a logistic regression 
